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1.1 RADIOACTIVE WASTE MANAGEMENT



MULTI-BARRIER SYSTEM MODEL OF THE GEOLOGICAL REPOSITORY
FOR SPENT NUCLEAR FUEL

D, BARCTOVG®S, V. NELA

Slovak University of Technology in Bratislava,
Institute of Nuclear and Physical Engineering, Bratislava, Slovakia
dana_baratova@stuba.sk, vladimir.necas@stuba.sk

ABSTRACT

The results on the analysis of radionuclide release fthen geosphere of hypothetical
repository in crystalline rocks are presented. Radionuclides with poor retentive properties
(C-14, 1129, CI36, Cs135), represent the largest contribution to the total release rate from the
geosphere. A sensitivity analg of selected geosphere parameters was also performed to
evaluate an impact of uncertainties on the total maximum release rate from the geosphere. The
results show that the data uncertainty related to the transmissivity distribution of individual
transpot pathways has the greatest impact on the total maximum release rate from the
geosphere. The calculations of release rates were carried out for one disposal container using
the simulation software GoldSim.

Key words: Geological repository, radionuclide tansport, multi -barrier system, GoldSim

Introduction

Within the deep geological repository development program in the Slovak Republic between years 1996
and 2001 were in a gradual site selection process selected five reconnaissance localities inothe two
environments [1]:

A In environment of crystalline rocks (granite} e n't r a | part of mountains
Veporské vrchy, southwestern part of Stolické vrchy.

A In environment of sedimentary rocks (clay@astern part of Cerova vrchovinagstern part of
Rimavska kotlina.

In Slovakia, the preferred alternative of letegm spent fuel management is a direct disposal of spent
nuclear fuel which will be disposed together with radioactive waste which is not suitable for a
nearsurface type ofepository. Since 2010, company Javys, a.s. has become the implementer of deep
geological disposal in the Slovak Republic and the deep geological repository program was renewed.
Deep geological repository as an alternative for spent fuel managementatedxjpeprovide sufficient
protection of human health and the environment for at least several thousand years. To ensure protection



of human health and the environment, it is necessary to design a complex system of protective measures
as well as to perforra comprehensive safety analysis in every period of the repository lifetime.

The geosphere has one of the main safety functions in adamgrepository performance. Based on the
safety assessments of many countries, the main characteristics, whichedssl to be dealt with in
modelling of radionuclide transport through the sparsely fractured rock, are the distribution of
groundwater flow, sorption, matrix diffusion and radioactive decay.

Description of the disposal system

The geological disposal sased on the muibarrier concept, whereby one of the barriers is the very form

of spent fuel which dissolution rate in contact with groundwater is very low. Another barrier is
represented by disposal container which parameters and physical propertiaseat®n [2]. Spent fuel

(from VVER-440 reactors) is considered to be disposed in containers made of stainless steel (inner part)
and carbon steel (outer part) with an outer diameter of 650 mm and a length of 3670 mm [2]. Fuel
assemblies are inserted irttte inner profiled pipes made of aluminium alloy. The disposal capacity of
one container is 7 fuel assemblies [2].

Within this assessment the calculations were performed for the spent fuel with an initial average
enrichment of 4.87 % of 235 and burnu0 MWd/kgU .The analysis was carried out for one disposal
container (7 fuel assemblies). The storage time before the final disposal is 60 years. Disposal container is
surrounded by a bentonite buffer with a wall thickness of 300 mm. It provides a
selfseding, low permeable barrier because of its swelling potential. It is suitable for sealing of void
spaces after excavation.

In Slovakia, there has not been selected a final locality for the geological disposal facility. Due to this
fact, the assessmentlohgterm safety was performed for a hypothetical geological repository located in
crystalline rocks. Transport pathways are in crystalline rocks represented by individual fractures and
faults.

Due to the lack of research and development works in the diegeological disposal in Slovakia, the
multi-barrier model was developed by using also the international research achievements (RAWRA
Czech Republic, NagraSwitzerland, SKB Sweden, JAEA Japan) [26]. However, the transferability

of data to thdocations in Slovakia is doubtful due to the differences in a near field and far field. Due to
this fact, the goal of these calculations is not to confirm the safety of the repository at a given location, but
to obtain a principle understanding about th@padrtance of evaluated parameters for the repository
system.

Conceptual model

As a reference case, normal groundwater scenario was chosen to assesteamlaajety of deep
geological disposal for spent fuel. In normal groundwater scenario is safehe afisposal system
influenced only by normal evolution processes that lead to the degradation of individual repository
components.

Spent fuel is a complex and heterogeneous system and therefore was within the model conceptually
divided into the structutanaterial, UQ matrix and instant release fraction [7]. Instant release fraction is
a fraction of inventory which is after water contact released rapidly, in the term ofelongsafety



instantaneously. Then the lotgrm release occurs congruently witte degradation of the fuel matrix
and structural material.

After the disposal canister fails due to normal evolution processes (1000 years) and water comes into
contact with the source term (fuel and structural material), released radionuclidesrstgrate through

the bentonite buffer, excavation disturbed zone (EDZ) and crystalline host rock. Concentrations of
radionuclides in the void volume of the disposal container and in the bentonite buffer are limited by the
solubility of each chemical elementhe solubility limit is partitioned between stable and radioactive
isotopes of the elements. Since it is considered that the buffer is fully-sedteated, nuclides migrate
through the bentonite buffer by radial diffusion and are retarded by sorptidre duffer material.

Host rock is modelled like a fractured zone where each transport pathway has a different transmissivity.
The variability in transmissivity of individual transport pathways is represented by usingnartogl
distribution with a logmean equal t69.99 and logstandard deviation 1.07 [5]. The transport pathways

have a length of 100 m and flow into the major watamducting fault whose length is 300 m. In the
individual fractures of the host rock as well as in the megmducting falt, the onedimensional
advection, longitudinal dispersion, radioactive decay and ingrowth, diffusion of the nuclides into the
adjacent rock and instantaneous and reversible sorption on mineral surfaces of the host rock are assumed
in the conceptual modelThe matrix diffusion takes place only in the direction perpendicular to the
groundwater flow. No infill medium and no solubility limitation are considered in the individual transport
pathways.

GoldSim - mathematical model

Modelling was carried out usintpe simulation software GoldSim which RT (Radionuclide Transport)
module allows users to dynamically model mass transport within a complex system of engineering and
natural barriers.

The modelling of nuclide migration through the bentonite buffer wdedaby dividing the buffer into

small volumes in which the mass change is computed. GoldSim uses a finite volume approach to solve
the mass transport of radionuclides through these small volumes. The finite volumes are in the GoldSim
calledcells The baic mass balance equation for a cethn be described by [8]:

NP,

m;, = —m, A, +Zm A +qu—|—5 (1)

wherem, [kg/s] is the rate of mass change of spesiesthe celli, ms [kg] is the mass of specissn the
celli, a[s"] is the decay rate for specigam, [kg] is the mass of the parent nuclide of spesjes [s7]

is the decay rate for parent speqeslP;s is the number of direct parents of speddy, is the number of
mass flux links from/to the cell f.s [kg/s] is the flux of species through the mass flux link (only
diffusive transport through the near field was assumed in the modefsdkg/s] represents the rate of
direct input of speciesto the celli from the external sources.

The first ivo terms on the righbhand side in Eqg. (1) represent the radioactive decay and ingrowth, the
third term represents mass transfer in or out of the &gllmass flux links and the fourth one represents
the direct input into the ceil The initial concenation in the bentonite buffer is assumed to be zero. The
sorption of the speciesin cells is assumed to happen instantaneously.
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The concentration of the speciis the mobile zone of the fractures can be described by [8]:

NPy
ac ac aic P.f_D. _8c.
_m-s:_i m+DL T’S—Cmal5.+ C?m;ﬂvp— mfim ima Y ims

=1

Am dz =0

2
dt A dx dx= (2)
b

whereC,,s[kg/m¥ is the concentration of specigsn the mobile zone of pathway,[m] is the distance
into the pathwayQ [m%s] is the flow rate through the pathway, [m] is the crosssectional area of the
mobile zoneD, [m?s] is the dispersion coefficierss [s"] is the decay rate for specigsCr, ,[kg/m’] is
the concentration of the parent nuclide of spesiashe mobile zone of the pathwagy,[s"] is the decay
rate for parent specigs NP; is the number of direct parents of speads, is the grimeter of the mobile
zone [m],fim [-] is the fraction of the perimeter connected with matrix diffusion zBje, [m?s] is the
effective diffusivity of the species in the matrix diffusion zoneCi, s [kg/m’] is the concentration of
species in thematrix diffusion zonez [m] represents the distance in the matrix diffusion zone.

The first two terms in the rightand side of the Eq. (2) represent the rate of change due to the advection
and dispersion, the next two terms represent the radioactsay dend ingrowth and the last one
represents the rate of change due to matrix diffusion. The initial concentration in fractures and in the rock
matrix is assumed to be zero and the weighted nuclide release (weighted by the probabilities of
transmissivities is assumed to be a boundary condition for the radionuclide transport in the pathways.
The sum up of the nuclide release from the transport pathways (fractures) of the host rock is consequently
used as a boundary condition for the nuclide transport in  theajor
waterconducting fault. Nuclides are then released from the major swatetucting fault into the aquifer.

Analysis of the results for the reference case
Release rates from the major watenducting fault for one disposal container containingp&nt fuel

assemblies are showed in Fig. 1. Release rates were calculated based on the conceptual model of the
hypothetical geological repository.
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Fig. 1. Release rates from the major watamducting fault to the aquifer



Transmrt of nuclides through the host rock and the major wataducting fault considerably reduces the
release rates of many nuclides. Actinides are relatively strongly sorbed on the bentonite as well as on the
host rock matrix and therefore their releasesaire very low. Based on the results it can be seen that
activation and fission products like-12, CF36, F129, Se79 and Csl35 represent the largest
contribution to the total release rate from the geospher86 @hd 1129 are assumed to have verpopo
retentive properties (solubility limits and distribution coefficients) and that is why these nuclides
dominate the total release rate for a long period of time. Inventory1f ®as divided between the
structural material and UQnatrix. It was assumetthat G14 originated from the structural material is in

an organic form and @4 originated from U@matrix is a part of inorganic compounds [6]. Fol&
organic, no solubility limitation and sorption is considered in the model (in the near field a&s\ivethe

far field) and its specific activity is relatively high in comparison with kimgd radionuclides. Because

of that the release rate of this nuclide is the most significant in the early years of the analysis. It can be
seen that the releaseastare strongly dependent on the retentive properties of individual nuclides.

Sensitivity analysis of geosphere parameters

Only geosphere data was evaluated in this deterministic sensitivity analysis. The evaluation of the near
field data uncertaintiesan be found in [9]. The analysed cases cover data uncertainties related to
groundwater flow (distribution of host rock transmissivities with combination of groundwater flow
through the EDZ for maintaining consistency), matrix diffusion depth, fractiopattiway surface
available for diffusion into the matrix, porosity, dry density and effective diffusion coefficient of the rock
matrix. The correlation between the porosity, dry density and effective diffusion coefficient for the host
rock was assumed [9} was assumed, that the logean of the transmissivity distribution was one order

of magnitude larger and smaller than in the reference case. The overview of the analysed data
uncertainties can be found in the following table (Tab. 1).

Tab. 1. Analysed dta uncertainties [5]

Log-mean Matrix Fraction of Effective
of e pathway Porosity | Dry density | diffusion
Cases L diffusion 3 o
transmissivity depth [m] surface [-] [kg/m°] coefficient
distribution P [-] [m%s]
Reference case -9.99 0.10 0.5 0.02 2646 3x10%?
Consevative case -8.99 0.01 0.1 0.01 2673 3x10™
Norrconservative| 1 gg 1 1 0.03 2619 3x10™°
case

To determine an impact of analysed data uncertainties on repository performance, the total maximum
release rate was quantified for every sensitivity cAsease where the total maximum release rate was
higher than in the reference case is called a conservative case and a case where the total maximum release
rate was lower than in the reference case is called ecomservative caserig. 2 shows the total
maximum release rate from the major watenducting fault in individual cases
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Fig. 2. Total maximum release rate in individual cases: Caseeference case,
Case 2, 3 transmissivity distribution, Case 4 -%natrix difusion depth, Case 6,i7fraction of the
fracture surface available for diffusion into the host rock matrix, Casd §dosity, dry density,
effective diffusion coefficient. Higher release rate always represents the conservative case and lower
releaserate represents the neronservative case.

Based on the results it can be seen that the biggest influence on the total maximum release rate has the
transmissivity distribution. On the other hand the correlation that has been assumed between the porosity,
dry density and effective diffusion coefficient reduces the difference between the conservative-and non
conservative case. A lower porosity implies a greater sorption on the host rock matrix, but also a slower
diffusion into the matrix. Due to the fact thauclides with poor retentive properties (small distribution
coefficients) dominate the total release rate, the change in the effective diffusion coefficient has a greater
impact on the total release rate than the sorption influenced by dry density.e€Hanthe matrix

diffusion depth affect the total maximum release rate by about one order of magnitude between the
conservative and neconservative case, but the changes of this parameter were quite significant (from
0.01 mto 1 m).

Conclusion

To asses an impact of near field and far field processes, which were determined as safety relevant, the
model of the multbarrier system of geological repository was developed. The results showed that many
of nuclides are effectively sorbed on the bentonitdéenwnd host rock matrix. Based on the results it can

be concluded that activation and fission products likel4C CF36, F129, Ser9 and

Cs135 represent the largest contribution to the total release rate from the geospBéran@i#129 are
assumedo have high solubility limits and low distribution coefficients and that is why these nuclides
dominate the total release rate for a long period of time.
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To determine an influence of geosphere data uncertainties on repository performance, the sensitivity
analysis of geosphere parameters was performed. The total maximum release rate was quantified for
every sensitivity case and the differences between the conservative awndnservative case were
evaluated. From the selected data uncertainties, theegr@apact on the total maximum release rate has

the logmean of transmissivity distribution (with combination of groundwater flow through the EDZ) for
individual transport pathways. Changes in the matrix diffusion depth affect the total maximum release
rate by about one order of magnitude.
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ABSTRACT

The Radioactive Waste Management Department (DMDR) from -HiN has a wide
experience in the management of the-fgel cycle radioactive wastédsom all over Romania
generated from nuclear techniques and technologies application, assuring the radiological
safety and security of operators, population and environment. During-2ZI1BL was
implemented a major upgrading programme applied both orettmdlogical systems of the
building and on equipment. The paper describes the facility developments having the scope to
share to the public and stakeholders the radioactive waste predisposal capabilities available at
DMDR-IFIN-HH.

As a whole, today DMDRFIN-HH represents a complete and complex infrastructure,
assuring high quality services in all the steps related to the management of the institutional
radioactive waste in Romania.

Key words: radioactive waste, predisposal, development, infrastructure

Introduction

The generation of radioactive waste varies from country to country depending on the scale applications
and range of activity associated with nuclear and radioactive material use in that country. The nuclear
industry and institutional appligahs of radioisotopes generate a broad spectrum of low and intermediate
level radioactive waste. Various factors, including the nature and the amount of radioactive waste,
occupational and public exposures, environmental effects and human health, safesgcial and
economic factors, are to be considered when deciding between options in the predisposal management of
radioactive waste. However, the preferred option, as far as is reasonably practicable, is to concentrate and
contain the waste and to isa@at from the biosphere.

In Romania, the Radioactive Waste Management Department (DMDR) fromHHINhas a wide

experience in the management of the-ha#l cycle radioactive wastes from all over Romania generated
from nuclear techniques and technologiegligation, assuring the radiological safety and security of
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operators, population and environment. The plant was commissioned in 1974 being at that tirred-a state
the art facility and for almost 35 years the plant worked in its initial configurationoutithny
refurbishments or implementation of new technologies.

Radioactive waste treated at DMDR arise from three main sources:
- Waste arising from the Magurele VYR Research Reactor (operation ceased in December 1997) and
associated with actual and fetudecommissioning works (i.e. water from spent nuclear fuel storage
pools);
- Local waste from other facilities operating on IRtNH Magurele site (i.e. from Radioisotopes
Department, Life and Environmental Sciences Department, the new acceleratdresfatd.). These
sources include also waste generated during the routine operations of the DMDR;
- Waste from IFINHH off-site facilities and those received from medical, biological, and industrial
applications all over the country

Once the nationalequirements and international recommendations were developed, it became obvious
the need to upgrade the existing facilities for radioactive waste management in a safe and cost effective
manner. Thus, during 20322015 was implemented a major upgrading progne applied both on the
technological systems of the building and on equipment. The paper describes the facility developments
having the scope to share to the public and stakeholders the radioactive waste predisposal capabilities
available at DMDRIFIN-HH.

Upgrading strategy and works

Upgrading strategy is the means for achieving the goals and requirements set out in the national policy for
the safe management of radioactive waste. So, DMDR upgrading strategy followed national policy, new
internationalagreements an®@MDR specialistsexperience accumulated over an operational activity
spanning more than 25 years and basic knowledge gained in radioactive waste management [1].

Basically, the upgrading works were focused on dismantling of old equipmé&mhamaging the resulted
wastes followed by rehabilitation of the main buildings in terms of replacing the electrical, ventilation,
drainage systems and architectural works. In the same time were implemented new technologies and
equipment for solid and ligd waste conditioning, decontamination and manipulation, a centralized
radioprotection system and was settled up a new laboratory with extented skills

Shortly, the main upgrading works carried out at DMDR in the last years were:
A Dismantling of old egipment, waste characterization, treatment, free release, storage;
A Development of a new technologic system for liquid radioactive effluents treatment (tanks, pump,
pipes, measurement devices);
A Rehabilitation of the 300 mc storage tanks ( includicnelogical system, architecture)
A Replacement of old technological systems (solid waste conditioning, decontamination devices,
electric system, technological ventilation system, drainage system, handling devices and equipment);
A Rehabilitation of thenain building (architecture, laboratories, offices);
A Rehabilitation of the access roads, platforms, water drainage system.

14



DMDR activity description

National policy for radioactive waste management is fully aligned with international requirereehys s

the "Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste",
ratified by Law no. 105/1999, as well as radioactive waste management policy promoted at EU level.
Activities performed within DMDR are so designih@t optimal implementation of all principles and safe
management of radioactive waste can be ensured. Thus, facilities for the intermediate storage are
operational, treatment and conditioning technologies have been implemented, methods and equipment for
waste handling are available. After, evaluation, collection and transport, the most complex step is waste
treatment in order to reduce the volume (by swgoenpaction, treatment of liquid radioactive effluents

and by unrestricted release after proper charaation), followed by conditioning step to assure safe
handling, transport, storage and final disposal. Conditioning involves immobilization and final packaging
for disposal.

For all management stages, administrative and organizational measures fareeinto enhance
operational safety, to prevent incidents and to assure the safety of operators as well as the safety of public
and environment.(fig. 1).

Radioactive Waste Management in DMDR

Decontamination

Radioactive
sources treatment

Liquid radwaste

a treatment
Evaluation . Long term
e Interim S
storage solid radwaste
treatment Disposal
Collection |:> ' 0
Characterization Liquid radwaste
storage Restrictive and
Transport unrestrictive
P Confinement/ dioactive release
Conditioning sources reusing
Recycling

Characterization

Radiological safety

Fig. 1. Radioactive Waste Management workflow in DMDR

The technical expertise and services arevdedid by trained personnel and authorized practices and
processes are in place.

Thereby, collection and transport of radioactive waste from small producers are carried out by authorized
vehicles and specialized personnel. These vehicles allow loadfeoéul activities, mass and volume
and are equipped with autonomous devices for loading/unloading.

Manipulation of radioactive waste is performed with specialized equipment, designed for treatment/
restrictive release / unrestrictive release. Safelydlvag transfer and conditioning of high activity
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sources is done in a shielded hot cell specially designed to meet safety standards: a large lead glass
window providing full view of the interior, air environmental control, multiple product manipulatidn an
product retrieval options (fig. 2a). Radioactive waste in the form of open sources is handled in two glove
boxes whose essential attribute is the ability to maintain a completely separate environment from ambient
and to protect the operator. Their int@rrsurfaces (including worktop) are from stainless steel with
seamless corners which allow easy cleaning and decontamination. In order to reduce workers exposure,
the gloveboxes are properly shielded and ventilated to ensure maximum safety during seathesdet
dismantling or other radioactive materials manipulation. Polyurethanegloves having exceptional
mechanical properties, flexibility and dexterity and an excellent behavior against ionising radiations are
used (fig. 2b).

|
Fig. 2. Hot cell (a) and gbveboxes (b) from DMDR

Installation for sorting/shredding ensures the segregation of the solid waste in waste stream allowing the
subsequent processing and, respectively, conditioning. If a treatment technology is not available for a
certain type of wastesorting will permit the separation of these categories of waste for interim storage,
until a proper treatment method will be developed. Sorting/shredding installation encloses a stainless steel
compartment for loading barrels sized to enable handlimgstdndard barrel for solid waste (fig. 3).

e
Fig. 3.Sorting / shredding installation and cutting equipment

Cutting equipment as saws, guillotine, mobile hydraulic cutter, hand operated cutters, plasma cutter,
provide the required size reduction of nigtaadioactive waste, for further conditioning (fig. 3).

Treatment/confinement/conditioning of liquid and solid radioactive waste are used to convert radioactive
waste materials into a form that is suitable for its subsequent management, such asatiansgtorage
and final disposal. The principal aims are to:
A Minimise the volume of waste requiring manageme
A Reduce the potential hazard of the waste by co
and provwdes containment to ensure that the waste can be safely handled during transportation, storage
and final disposal.
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To minimize the volume of solid radioactive waste DMDR implemented supercompaction method of
compressible radioactive waste directly in 22@rums. Supercompaction is performed using a 20,000
kN High Power- HFC (High Force Compactor) turning 220 L drums into pellets with different heights
depending on the content [2,3].

After the compaction the resulting pellets are confined in 420 L drach€@nditioned for transport and
disposal (fig. 4).

Fig. 4.Supercompactioh process at DMDR

Treatment of radioactive liquid wastes is receiving considerable attention due to the recognition of its
importance for the protection of human health and thérenment from the adverse effect of radiation
associated with these wastes6j4 In addition to the radioactive components, LILW may contain- non
radioactive components (such as, heavy metals and organics) that can result in harmful effects on human
heath and the environment. In some cases, radionuclides can exhibit chemical toxicity as well. In light of
the above, DMDR applies technologies for treatment of these types of waste based on a combination of
conventional methods, as filtration and sorptiorithwnodern methods as ultrafiltration and reverse
osmosis, which allow not only a broad spectrum of radionuclides to be concentrated, but also the solving
of problems associated with the effect of chemical composition of the wastes.(fig. 5)

Fig. 5. Liquid radioactie waste installation (a) and technological flow sheet (b)

Conditioning system allows immobilization and packaging of radioactive waste by cementation in 220 L
or 420 L standard drums-fIi3]. Final type A package is appropriate and securgdosport and disposal.

The conditioning system comprises equipment for mortar preparation (according to specific recipes) and
an indrummixer used for the cementation of concentrates from liquid waste treatment, a platform scale
for drums weighing and @osing pump, a component of liquid radioactive effluent treatment plant,
allowing dosing and pouring liquid radioactive waste into 220 L drums. This system is easy to operate
and requires the minimum amount of space and infrastructure.

17



The DMDR laboratry (DMDR T lab) is endowed with statgf-the-art infrastructure and can provide a
complete range of mechanical tests, gamma spectrometric, alpha, beta countingh&miazal,
elemental and structural analysis of samples, as well as technical baggoid segearch activities [14
16].

The DMDRT lab has implemented Quality Management System acc. to EN ISO / IEC 17025: 2005, is
notified by the National Commission for Nuclear Activities Control (CNCAN) and is equipped with
following infrastructure (fig6): ICS5000 lon Chromatography System; Spectroquant Pharo 300 UV/VIS
Spectrophotometer; SPECTROBLUE Inductively coupled plasma spectrometer; XRF Spectrometer;
XRD Diffractometer with DIFFRAGLus SEARCH Software and Data Base ICDD Powder Diffraction

File PDF; TransSPEG100 Ortec Gamma Analyser ; ISOCART Ortec Gamma Analyser; IR0 0 U
and b gl obal in | ow backgr otmlysermihaHPGe detatomnin lowSy st e n
background; TeCarb 2910T Liquid Scintillation Analyzer for very loevd activity analysis; GD 700T
Climatic chamber; IMPACT CN 790 automatic concrete water permeability apparatus; MATES €YBER
TRONIC mechanical tests equipment (flexure and compression tests). Moreover, for the development of
testing capabilities in laboratognd insitu conditions related to the behaviour of sealing materials and
engineering barriers to be used for the final closing of radioactive waste repositories an experimental
gallery was established at DNDR.

Fig. 6. DMDRI lab infrastructure

Decontanmation plays an important role in the DMDR activities [17]. Thus, the Decontamination Center
has facilities to perform decontamination of areas or surfaces and equipment, as:

—decontamination cabinet equipped with watering lance, hydraulic jet and steaactlaaning devices
(fig.7a).

—abrasive decontamination facility (fig. 7b) where the surface of metallic objects are decontaminated by
blasting. Secondary waste from the decontamination process, as shot blast residues, filter dust, others
are collected am-house waste and adequately treated.

—chemical ultrasound decontamination bath (fig. 7c).

—personal protective equipment facility fitted with two industrial automatic washing machines, tumble
dryers, pneumatic press (fig. 7d)

—autovehicle decontaminationciéity.
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Fig. 7.DMDR Decontamination Center infrastructure

Conclusions

Nowadays, in DMDR are available modern technologies foroeative waste management, such as:
treatment of liquid radioactive effluents, treatment of solid radioactive waste, handling techniques for
radioactive spent sources, decontamination techniques, as well as other specific tools for waste
management. Techrdtassistance and research capabilities on the whole radioactive waste management
cycle, from collection to disposal are assured by trained and qualified personnel.

According to our strategy to offer complete services to the waste producers, was lecems@gurpose
laboratory which perform gamma spectrometric, radiochemical, mechanical and structural
characterisation of different types of wastes, materials and environmental samples.

The research and development activities constitutes a major pabtitg department, being focused on:
- continues optimisation of the technologies related to radioactive waste managment;

- development of new radwaste managment technologies;

- development and implementation of new radwaste characterisation methods;

- sakety assessment analyses on the technological fluxes;

- development of special confinement matrices and time stability validation.

As a whole, today DMDRFIN-HH represents a complete and complex infrastructure, assuring high
quality services in all the eps related to the management of the institutional radioactive waste in
Romania.
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THE INFLUENCE OF HIGH PH CONTAMINANT PLUM ON CESIUM
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ABSTRACT

The aim of this study was to evaluate the influence of high pH plum released from the disposal
area on the G%37 sorption on the loess layer. Bach sorption tests showed that cesitiomsorp

is decreased at high pH of contacting solution. Depending on the initial cesium concentration
in the contacting solution, the cesium distribution coefficient (Kd) decreased with a factor of
almost 4, while at lower cesium concentration the decreaser fis lower (~2). At very low
cesium concentration, the Kd at high pH seems to not be affected (a slightly higher Kd value
was obtained but this increase could be due to the inherent experimental errors). But even in
this high pH conditions the percengagf cesium sorbed on loess samples is higher than 95.5%.

Key words: cesium, distribution coefficient, pH influence

Introduction

Surface disposal is considered in many counties with nuclear programmes the preferred option for low
and intermediate levéLIL) radioactive waste disposal. The waste accepted in a near surface repository
contain mainly short lived radionuclides that decay up to insignificant radioactivity level in few decades
or centuries. The safety of the overall waste disposal systeasési bmainly on the engineering barriers
(waste form, waste container, disposal modules, backfill and liners, disposal cells, cover materials)
designed to perform an important role in preventing ingress of water, and in confining radionuclide and
retardingtheir release from the disposal area. The geology of the host site will retard furthermore the
radionuclide transport through geosphere so that at the time radionuclides enter in biosphere their hazard
(in term of dose) will be well below the regulated itsn The choice of disposal concept is driven by
climate, waste form, geological and hydrogeological conditions, as well as the assurance that the concept
will accomplish the radiological performance requirements.

Saligny site, situated in the proximity €ernavoda NPP was selected to host the Romanian LIL waste
repository. From the lithological point of view the Saligny site is composed of four main units: Unit A
formed by loess deposits, Unit B formed by red clay deposits, Unit C formed by Aptiantsi@palsunit

D that is a Carbonate complex [1]. Unit A is divided into two layers: silty loess (Al) and clayey loess
(A2). According to the position into the unsaturated or saturated zone, the Aptian deposits are divided into
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unit C1 (unsaturated) and C2afsrated) [1]. The Carbonate complex (Unit D) is formed by oolitic and
bioclastic limestones. This unit is a regional aquifer (Beriasian) which is in direct connection with Danube
River and Danub®&lack Sea Channel [1]. Consequently, it is considered then moute for the
radionuclides released from unsaturated zone to enter into the biosphere.

The main factor leading to the release of radionuclides from the disposal area is the water infiltration
through the disposal cover. Once the water is infiltgatim the disposal cells it will dissolve the
radionuclides and will transport them through the geosphere. Water is therefore the most important
transport medium for all radionuclides released from the disposal area.

Most transport codes used to predlot tontaminants migration in the subsurface environment require
parameters describing the distribution of the contaminants between the agueous and solid phases. The
parameter used to describe this partitioning is the distribution coefficient, a paraestebidg the

degree to which a particular geologic formation (sediment) will retain or immobilize a contaminant.

In the preliminary performance assessment of Saligny site, the values used for the radionuclide
distribution coefficients were measured atunal pH of Saligny groundwater (around 8). But the pore
water in the cementitious materials is saturated with calcium carbonate and has a highlj3{ (12
Consequently at the release from the disposal zone the contaminant plum will have a high pHe Until t
contaminant plum will be diluted by the fresh pavater the radionuclide sorption could be affected. In
order to check this hypothesis, sorption tests were performed for one of the main radionuclide present in
the LIL waste intended to be disposed motfie future near surface repositery?’'Cs. This radionuclide

was also selected for this experimental study due to its strong sorption on the unsaturated layers of
Saligny site at natural pH [2]. Cesiwd37 (fission product with halffe of 30 years)s presented in the
radioactive waste only as Tat any pH values. Its sorption is affected by the groundwater salinity,
concentration at which this radionuclide is released in the groundwater and by the presence of the
competitive ions (such as NaC&" and specially K). Presence of a high amount of these competing
cations could decrease the"Gerption.

Transport of contaminants through the unsaturated zone

Radionuclides are transported by the infiltrating water through geosphere but their trsnstartded by

a variety of processes including diffusion of ions into dead pores, molecular filtration, ion exclusion,
sorption, mineralisation and precipitation [3]. 8fusion into deagend poresons are trapped into these

pores since the grounater does not flow through them and they are not continuously attached to a larger
pore network. When a molecule is larger than a pore it cannot diffuse through it, process named
molecular filtration lon exclusiortakes place when the surface of a pae the same charge as the ion,

thus repelling each other from their vicinity. lon exclusion can accelerate the contaminant transport since
this process prevent the ions penetration in smaller pores and channels and contaminant transport takes
place througharger flow poresSorptioncan be divided to physical and chemical sorptiBhysical
sorptiontakes place when adsorbent (constituents of the geological media) binds the contaminant to its
surface through weak physical van der Waals foit€esmical soption occurs through the binding of the
contaminant with chemical (covalent) bonds on the surface of adsorbent. Chemical sorption is also called
inner sphere complexation. A special class of chemical sorption widely involved in radionuclide sorption

in gedogic formations is ion exchange process, also called outer sphere complexation. In the ion
exchange processes radionuclide binding takes place through the electrostatic attraction of the opposite
charges of the exchangeable ion and the sorbent. The smants for cationic species in geologic
media are the clay minerals, oxides of Fe, Al, and Mn and other minerals present. Anionic species are
sorbed by the humus matter, iron oxides and a few clay minerals that have a net negative charge
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(halloysite andmogolite) [3]. When the radionuclide is immobilized by its incorporation into the mineral
lattice and a solid phase is formed the retention process is cailheualization Precipitation process
takes place when the solubility constant of the contamma#rgtance is exceeded a solid phase is formed
in the liquid phas€3].

Sorption coefficient is a parameter quantifying the fraction of radionuclide sorbed on geologic formations
and it is expressed as the equilibrium ratio of radionuclide concentrigtiohe solid phase (&)
compared with that in the liquid phasedC

A
C

eq

Kg = (1)

Kd is used to describe the mobility of radionuclides in the environment: when Kd is small, the fraction of
radionuclide sorbed in the s&blphase is low and the radionuclide has high potential mobility. Opposite,
when the Kd is high, a major fraction of radionuclide is sorbed on the solid phase and it has low potential
mobility.

Two main category of factors control the transport of raditdes in geologic formations: elemental
parameters and geologpecific ones. The speciation of the contaminant represents the most important
elemental factor and it is affected by the soil redox potential, pH and complex forming ligands. The
geologyspedfic parameters that have important influence on radionuclides retention include the
mineralogical and chemical characteristics of the geological layer, such as clay minerals and clay mineral
content, particle size distribution, organic matter contengxrgubtential and pH. Radionuclides which

tend to form anionic species in aqueous solutions, such as radiocarbon, sorb poorly on soils mineral
constituents and have high potential mobility. Cationic radionuclides, such as cesium, are efficiently
sorbed onte clay minerals present in soils.

Experimental methodology

Batch sorption experiments were performed to assess the influence of the'BBsosorption on loess

layer of the Saligny site. This method is commonly used in many laboratories and itsconsisttacting

a certain volume of tracer solution with a known mass of crushed porous material [4]. Since by the
definition the distribution coefficient is measured at equilibrium, preliminary tests have to be run to
determine the equilibration time, i#ne time needed to attain the equilibrium between the tracer solution
and the crushed geologic sample. After the equilibrium is achieved the two phases are separated (by
filtration or by centrifugation) and the tracer concentration in solution is measure

The batch sorption tests were run for a solid to liquid ratio of 1 to 10 (2 g of crushed loess contacted with
20 ml of tracer solution), at room temperature (2893 in 25 ml centrifuge tubes. During the
equilibration period, the test tubes were phon an orbital shaker & rpm. After equilibration the

tubes were centrifuged at 4000 rpm for 40 min and the supernatant was separated and me&¥Gsed for
concentration by liquid scintillation spectrometry.

Since the equation (1) is applicable asmg that the system is reversible and it is independent of the
contaminant concentration in the agueous phase, the contaminant concentration was varied while the
other parameters (solid to liquid ration, equilibration time and pH) were held as congtassibte to get

the so called sorption isotherms. These isotherms were obtained by plotting the amount of contaminant
removed by the solid matrix during the batch tests versus the contaminant concentration in solution. The
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amount of the contaminant sorbed the minerals was computed using the following mass balance
equation:

V
Aq= (:0 —Cq :E (2)

where: A, is the quantity of contaminant sorbed on the loess constituents (Bg/g3, tBe initial
concentration of contaminant in solution (Bg/n), is the contaminant concentration in solution after
the sorption equilibrium was attained (Bg/ml), V is the volume of tracer solution (ml) and m is the mass
of loss sample used in the sorption tests (g).

The tracer solutions were obtained by dilutisigck solutions with known tracer concentration with
synthetic water obtained in laboratory to contain the main anions and cations naturally present in the
Saligny groundwater. The chemical composition and the physical and chemical characteristics of the
simulated water are given elsewhere [2].

The sorption experiments were carried out at pH ranging between 7.5 and 12.5. Since the pH of
contaminant plum will decrease in few meters, the only geologic formation affected by the high pH plum
is the loess layefound beneath the repository. For this experimental study a loess sample from Saligny
site sampled from one of the boreholes drilled for site characterisatioQ3Phas selected (the sample
depth is 88.6 m). To be used in the sorption experiments, ltess sample was dried at room
temperature, milled and sieved through 2 mm sieve. In the sorption tests only the fraction with particle
size less than 2 mm was used.

The loess sample was pequilibrated for 48 hours (2g loess and 20 ml Saligny syntietier) in order

to reduce the multitude of reactions that can occur when the loess sample is contacted with synthetic pore
water. During the prequilibration period the centrifuge tubes were horizontally placed on an orbital
shaker set at 70 rpm.

After the equilibration period, the water was removed from the centrifuge tubes, and the test tubes were
weighed to take into account the amount of water remained in the loess prior the addition of the cesium
solution and start the sorption experiments.

Each srption test was performed in duplicate and one control sample with only tracer solution was run in
the same conditions to check the potential sorption of cesium on the test tubes and the stability of the
tracer solution. Also, a blank sample was run tasoee thé*'Cs background.

Three sets of batch sorption tests were run at three different pH values: 7.5, 9.0 and 12.5. Each set of
experiments was carried out for three concentration values to obtain cesium sorption isotherms.

The contacting solutionwere obtained by diluting a standartiCs solution with activity of 6.75x£0
Bg/ml with Saligny synthetic water to gét'Cs concentration between 69 and H§mI, typical
concentration at which this radionuclide could be released from the disposal @inerease the pH of
the cesium solution from 7.5 to 9 and 12.5 few drops of sodium hydroxide 2M solution was used.

Based on previous tests performed to measure the time needed to get the cesium sorption equilibrium, the
contacting time used in thists& sorption experiments was 24 hours [2].
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Results and discussion

Similar with previous sorption tests run at pH around 8, the experimental data showed that irrespective
the pH of contacting solution cesium sorption on loess sample is best descriltiee Breundlich
sorption isotherm. An example of such an isotherm is presented in Figure 1 for sorption test conducted at

pH of 7.5.
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Fig. 1. Freundlich sorption isotherm fdf’Cs at pH of 7.5

At higher pH (12.5), the value of the exponential cortstdrthe Freundlich isotherm is close to 0.9
(Figure 2), indicating that the nonlinearity of cesium sorption is attenuated, and the cesium sorption could
be equally represented at this high pH value both by linear and Freundlich sorption isotherthngR

for linear sorption isotherm compared with 0.994 for the Freundlich isotherm). The two isotherms for

cesium sorption at pH of 12.5 are shown in Figure 2.
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Fig. 2. Freundlich isotherm (a) anfbr **Cs sorption on loess sample at pHLEf5

The experimental data obtained f3/Cs sorption in the pH ranging between 7.5 and 12.5 shows that for
all three initial concentrations of cesium in contact solution, the distribution coefficient increases slightly
with pH increasing from 7.5 to $€e Figure 3). But for pH of 12.5 the cesium distribution coefficient
sharply decreased to almost the same value irrespective of the initial cesium concentration in the
contacting solution at (see Figure 3). Excepting for the sorption test run at lownaasigentration in
contacting solution, the value of the distribution coefficient obtained at high pH is much lower than those

obtained for natural pH (7.5).
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Fig. 3. Variation of the**'Cs distribution coefficient

The decrease of the distribution ffazent with increase of the contacting solution pH could be due to the
competitive effect of Naions introduced from the NaOH solution used to increase the pH.

Similar behavior as foKd could be also observed for the percentage of cesium sorbduedoess

sample (see Figure 4). Irrespective the initial cesium concentration in the contacting solution, the
percentage of cesium sorbed in experiments carried out at pH of 12.5 is smaller than for pH of 7.5 and 9.
But even in this high pH conditions tpercentage of cesium sorbed is higher th&¥.95
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Fig. 4. Percentage of cesium sorbed on the loess vs. pH

Based on cesium EbH diagram, cesium speciation does not depend on the redox potential of the
geologic formation [S] and cesium ion does notriaygbe. Cs+ is the dominant species this element can
be found in geologic systems for a large pH range [6].

Since the pH does not affect the cesium speciation, the differences observed between the Kd values as
well as between the percentage of cesiumesbidn loess sample could be due to the changes that may
occur in the surface properties of the minerals involved in the cesium sorption. The Kd increasing with
the increase of pH from 7.5 to 9 could be explained by the increase in negative net chaegeudia¢h
of minerals (because of the bounds break and exposure of the hydroxyl groups). But, since this increase of
Kd with the increase of pH is not valid for even higher pH value (12.5), not only theepéhdent
surface charge is involved in the cesisonption process, but also other factors such as:

- The decrease of the particle surface when the surface/volume ratio increases [7]
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- The solution composition at lower ionic strength there is less competition between cations [8, 9,
10]. The effect of ania may take place by the formation of surface complexes, for example
MSQO,Cs [3]. In addition, cations present in the solution at higher pH can have competitive effect
on the cesium sorption. For example, at the release from the disposal area the soitdiomgo
the dissolved radionuclides is saturated irf*Caation that has competitive effect on cesium
sorption.

- The solid phase compositiersuch as increasing the iron oxide content [3].

The redox potential can indirectly affect the cesium retergimhmobilization through reactions leading,

in anoxic conditions, to the release of ammonium ions and other ions in solution. As théohH
concentration in the solution increases cesium remobilization increases due to the exchange reactions
occurring etween cesium ions sorbed on the minerals angl MiHs. But the sorption experiments were

run in aerobe conditions and consequently competition with" Nkbuld not occur. Another ion with
competitive effect on cesium sorption is Kut the competition détween C§and NH, is stronger
because N ion has a more similar behaviour with*@san K’ has.

Conclusion

The sorption experiments showed that cesium sorption is decreased at high pH of solution. Depending on
the initial cesium concentration in theontacting solution, the cesium distribution coefficient (Kd)
decreased with a factor of almost 4, while at lower cesium concentration the decrease factor is around 2.
At very low cesium concentration, the Kd at high pH seems to not be affected. A dlighdy Kd value

was obtained at pH of 12.5 but this increase could be due to the inherent experimental errors.

This decrease of cesium distribution coefficient at high pH could be due to the competitive effett of Na
ions on cesium sorption. These iomsre introduced in solution through the NaOH 2M solution used to
increase the pH of contacting solutions. In natural conditions, a similar competitive effect will occur due
to the presence of the Eaeleased from the cemefut even in this high pH coitébns the percentage

of cesium sorbed is higher than 9%.5

But the competitive effect of Nacould not explain the degree of the decrease in Kd. Other factors are
also involved in cesium sorption at high pH in contacting solution and fuetkgerimentswill be
performed to bring complementary evidences that could explain better the effect of pH on cesium
sorption.

These new experimental data will be used in cesium transport modelling through the unsaturated zone
aiming to confirm the capability ohé geologic layers of Saligny unsaturated zone to retard the cesium
transport enough to not result a significant radiological impact on the population and environment.
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ABSTRACT

In the nuclear power plants using light water and heavy water as coolant, as well as in most
waste treatment installations, the iexchange resins are used to purify water circuits. Since
the resinsretain both radionuclide and chemical impurities, it represents a &wl
intermediate radioactive waste that requires special management for storage and disposal.
From experimental studies it was found that the conditioning of the used resin in biiamen
several advantages. But there are some disadvantages, too, one being the significant amount of
gas produced during the bituminization process because of the high temperature (1200C).
Besides water vapours, the condensable gas mixture (formed byichffaetion and an oil
fraction) contains products generated from the partial decomposition of the resin and release of
degradation products of bitumen: dimethyl and trimethylamine, methanmmpounds
resulting from the destruction of functional groupsd ehydrocarbon fraction formed by n
paraffins (C6C32), iseparaffins and aromatics.

Key words: resins, bituminization, amines, degradation products, hydrocarbons

Introduction

In nuclear power plants which use light water or heavy water as coolamnibechange resins are used

to purify fluids from plant circuits. Since the resins retain both radionuclide and chemical impurities, they
represent a lowor intermediate radioactive waste that requires special management for storage and
disposal.

Treament of spent resin before conditioning is made in order to reduce volume and/or to prepare/adjust
the parameters of resin for conditioning, meaning the conversion of spent resin to the stable forms from
chemical and physical point of view, with low leabiy.

Conditioning by direct bituminization of ion exchangers is performed at a temperature between 120
230°C (depending on the nature of the bitumen used and the percentage of resin embedded).

The released gases are passed in a condenpatification system comprising a cooler (for water
condensation) and a filter (for retaining radionuclides released with the gases).
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During the bituminization process, because of high temperaturéQ)La0significant amount of gas is
produced. Besides water vapqguiee gas contains degradation products of resin and bitumen (monomers,
dimers, amines, N§l SQ) and distillation and degradation products of the bitumen which might
complicate the bituminization process.

Sources of spent resins generated at NPP Cernawad

Within Cernavoda NPP the resins are used for:

- purification system of the heat transport system;

- purification of cooling system;

- purification of the moderator;

- purification of the water in the spent fuel bay

- purification of the cooling water of biologit protection;

- purification of the cooling water from fueling/defueling machine;

- purification of used water;

- purification of the controteaction zone;

- purification of different liquid radioactive waste from leakagdrsinage systemgecontaminations,
laboratories.

lon.exchange resins are considered fispento when
the radiation, structural changes are occurred and thus, losing the ability for purification and
decontamination of the waters.

Experiments for conditioning the spent resins in bitumen

Conditioning experiments of spent resin were performed (Table 1) in bitumen70,6&t various
embedding ratios dry resin: bitumen (0.55; 80668; 1) and using different types of resins: cationite,
anionite, carboated anionite or mixture.

Table 1.Formulas of embedding resins in bitunj&n2, 3]

Sample Composition Dry Resin type
no. Dry resin Bitumen | resin/Bitumen
(9) (9) embedding rate

0. - 6000 - -

1. 1020 1500 0.680 cationite (w=49%)

2. 1330 2000 0.665 cationite (w=53%)

3. 1333 2000 0.667 cationite (w=45.2%)

4. 1020 (612+408) 1530 0.660 anionite W=56.5% + cationit| £
w=45.2% (3:2) )

5. 1000 (500+500) 1500 0.660 anionite  (w=63% + cationit fg_f
w=49%) (1:1) S

6. 1315.3 2000 0.658 anionite w=49.44% + cationitl <

(657.3+658) w=53% (1:1)

7. 1110 1710 0.650 anionite (w=63%)

8. 1345 2000 0.672 anionite (w=49.44%)

9. 1333 2000 0.667 anionite (w=51.45%)
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Sample Composition Dry Resin type
no. Dry resin Bitumen | resin/Bitumen
(9) (9) embedding rate
10. 2022.4 2000 1.011 anionite (w=49.44%)
11. 2000 2000 1 anionite (w=51.45%)
12. 1000 (600+400) 2000 0.500 carbonated anionite wt%=57
cationite wt%=45.83 (3:2)
13. 1000 (500+500) 1500 0.660 carbonated anionite wt%=63
cationite wt%=49 (1:1)
14. 1000 (500+500) 1000 1 carbonated anionite wt%=63
cationite wt%=49 (1:1)
15. 1000 1800 0.550 carbonated anionite (wt%=60)
16. 1328.7 2000 0.664 carbonated anionite (wt%=50.97
17. 1333 2000 0.667 carbonated anionite (wt%=49.81
18. 1998.7 2000 0.999 carbonated anionite (wt%=51)
19. 2000 2000 1 carbonated anionite (wt%=49.81
20. 17929 28000 0.640 carbonated anionite wt%=48.1
(8621+9308) cationite wt%=47.65 (1:1) "
21. 1333 2000 0.667 mixture (anionite + cationite g
(666.5+666.5) wit%=50 (1:1) °
22. 1333 2000 0.667 mixture (anionite + cationitg .=
(666.5+666.5) wt%=50 (11) <
23. 1333 2000 0.667 mixture (anionite + cationite
(666.5+666.5) wt%=50 (1:1)
Results

Analysis of condensation product

During the bituminization process it results a condensable gas mixture that contains two fractions,
agqueous and oleos, whiglere analysed [4]. In Table 2 there are presented dates referring to those two
fractions generated in condensation process.

Table 2.The characteristics of condensation product

Sam | Agueous Evaporated pH 0]] Oil volume resulted

ple fraction water from | condens. | fraction from 1 kg bituminized

no. volume wet resin product volume dry resin

(ml) (%) (ml) (% viwt.®)

0. - - 8.37 - -
2. 650 43.3 1.7 3.2 2.40
3. 794 72.18 1.88 2 1.50 Inactive
6. 965 69.7 1.9 4.6 3.49 samples|
8. 620 47.1 10.3 4.5 3.34
9. 1310 92.71 9.93 5 3.75
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Sam | Agueous Evaporated pH 0]] Oil volume resulted

ple fraction water from | condens. | fraction from 1 kg bituminized

no. volume wet resin product volume dry resin

(ml) (%) (ml) (% viwt.®)

10. 1490 75.3 11 10 4.94
11. 2220 100.00 10.64 25 12.5

16. 970 70.22 9.6 6.7 5.04

17. 1210 91.46 9.18 20 15.0

18. 1460 71.2 9.8 11 5.5

19. 2000 100.00 9.35 15 7.50

20. 635 3.86 8.14 3 0.17 Active

samples

#1000 mL of demineralized water was placed in the condensate vessel for the absorption the
degradation products of bitumen;

®the pH value within acid range in this experiment, where cationite was used, might be explained by
the presence of an amount of S&bsorbd, resulted from the breakage of the functional groups
SO;H from cationite;

¢ the pH value within basic range, in the experimem®08 is due to the presence of amines and
especially trimethylamine, which are quite strong bases.

Analyses of agueous framn

The qualitative analysis of aqueous fractions was made either by gas chromatograph with a FID detector
or by a tandem technigue, GC/MS system.

The quantitative analysis was carried out by an external standard using a gas chromatograph with a FID
detector and capillary column with silicones and as internal standard dimethylamine and ethanol were
used.

The main component of an aqueous phase is the water which represents the free water from slurry resin; it
also contains small quantities of amines (@inyl and trimethylamine) and methanol (Table 3).

Table 3.Chemical composition of the aqueous fraction

Sam Dimethylamine Trimethylamine Methanol Water
ple (DMA) (TMA)
no.
DMA in DMA TMA in TMA Methanol Methanol Water in
aq.fr. resulted ag.fr. resulted in aq.fr. | resulted from aq.fr.
(% from resin*| (% from resin® | (% m/m) resin® (% m/m)
m/m) (% m/m) m/m) (% m/m) (% m/m)
0. UDL UDL UDL UDL UDL UDL 100.000
3. UDL UDL UDL UDL 0.015 0.00893 99.985
8. 0.812 0.375 0.452 0.208 UDL UDL 98.736
9. 0.005 0.00491 2.71 2.663 0.400 0.39310 96.885
10. UDL UDL 1.20 0.890 4.400 3.26 94.400
11. 0.014 0.01554 3.64 4.040 0.560 0.62160 95.786
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16. 6.516 4.757 1.061 0.774 UDL uUDL 92.423
17. 0.020 0.01815 3.63 3.295 0.730 0.66264 95.620
18. UDL UDL 1.34 0.985 11.927 8.772 86.733
19. 0.015 0.01500 4.27 4.270 0.920 0.92002 94.795

it is relatingto products resulted from bituminization of 100g of dry re8m/m = @ompound100g
mixture of compounds; UDL under detection limit (100 ppm)

The presence of amines metcondensation product was expected taking into account that anionite have
N(CHa); functional groupsSignificantly in these determinations is resulting in determination of amine
type resulted during the thermal process, which is not specified indfaduite.

The presence of amines bgcause obreaking of GN links and because of methanol by the reaction
betweenCH; (resulted by breaking the-8 links) and the free water from wet resin.

Analysis of oil fraction

The oil fraction, besides small ammts of amines, also contains derivative products of resin and volatile
products of bitumen. The quantitative analysis of amines was performed by an external standard using

dimethylamine as standard.
The results are presented in Table 4.

Table 4 Amines ontent in oil fraction

Sample Dimethylamine Trimethylamine
no. (DMA) (TMA)
DMA in oil DMA resulted from TMA in TMA resulted from
fr. resin® oil fr. resin®
(% m/m) (% m/m) (% m/m) (% m/m)
0. UDL UDL UDL UDL
2. 0.3 7.2 x 10° UDL UDL
3. <0.01 <1.5x 10° <0.05 <7.500 x 10
8. 0.2 6.7 x 10° UDL UDL
9. <0.01 <3.75x 10 0.01 3.75x 10°
10. UDL UDL 0.35 17.30 x 10
11. <0.01 <1.25 x 1¢ 0.6 7.56 x 10°
16. 0.01 0.5 x 10° UDL UDL
17. 0.05 7.5 x 10° 0.12 1.80 x 10°
18. UDL UDL 0.15 8.25 x 1¢*
10. <0.01 75x10° 0.12 9.00 x 10

%it is relatingto products resulted from bituminization of 100g of dry resin

The amines amounts from oil fraction are very small comparing with those found in agqueous solutions, a
possible cause of their presenmeing their low solubility in some organic compounds, components of the
oil.

The determination of the amines have been made by gas chromatography (GC), using a gas
chromatograph Chromatron GCHF model 18.3 equipped fhatine ionizationdetector (FID). The
components of the mixture have been sepai@dtie sample passes over the stationary phase
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The samples were analysed at ICECHBAicharest according the specific procedures [5].

Identification of organic compounds from organic samples (oil fractias)made on a double focusing

mass spectrometer VAnalytical 70SE coupled to a Packard HP 5890 gas chromatograph Hewlett. Thus,
every peak was characterized by a mass spectrometer. Identification of the compounds was done by
comparison of with NBS speaettibrary.

The quantitative analysis was made by CARLO ERBA model Vega 6000 gas chromatograph coupled
with flame ionization detectqFID).

The components eluted in chromatograph column were characterised in mass spectrometer (having
detector role).

Analyses of oil samples identified a hydrocarbons fraction formed-pgraffines, izeparaffines and
aromatic hydrocarbons. The hydrocarbons identified are: toluene, heptagthy?, octane,
benzene,ethyl; m+gilen; benzene, ethenil;-dgropenilbenzene, 1-@ethylbenzene, nonane; é&thyl2-

methyl benzene; ethdl-methyl benzene;l,3&imethyl benzene; ethenyl methyl benzene;
decane;methyl¢inethyl ethyl) benzene;-thethyt4-(methyl ethyl) benzene:-thethyt4-(methyl ethenyl)
benzene; 2Znethyl1-fenil-propen-1-ol; methyl fenil propenol (izomer); undecanegthyl,2,4 dimethyl
benzene; naphthalene; dodecane;-digethyl undecane; -ihethyl tridecane; 2nethyl naphthalene;
tridecane; imethyl naphthalene; 2,7,2lmethyl dodecane; tetradecane; 1,6 sidiiethyl naphthalene;
2-methyl pentadecan; pentadecan:-difdetoxiethyl benzene; 1-@metoxiethyl benzene; 1,6{fimethyl
naphthalene; Hexadecane:méthyl heptadecane; heptadecane; 2,6,1&ttdmethyl pentadecane;
octadecane; 2,6,10,2dtramethyl hexagtane; nonadecane; eicosane; heneicosane; docosane; tricosane;
tetracosane; pentacosane; hexacosane; heptacosane; Octacosane; nonacosane; triacontane; hentriacontane;
dotriacontane; stirene. The concentrations of the hydrocarbons in sample varies frénto04%
(exception the case of sample 10 that it was identified a concentration for tridecan of 50%).

Determination of carbon generated by decomposition of resin and G&/HCO5 during the
bituminization process

According the experiments performed, a thituminization process temperature, a part of carbon, under
the form of CQ, is released, because of the degradation of anionite and the decompositiog” of CO
/HCO;.

The amount of released carbon [1, 3] was determined by analysis of NaOH scrub solution.

Analysis of condensation product

For the active tests, the analysis of the condensate was carried out in order to determine the amount of
“C, under the form of carbon dioxide, which could be absorbed in the aqueous fraction.
It was determined the actiy of **C absorbed is 3.63304 Bq 14C.

The analysis of condensation was performed byneasurements using a TRICARB 2100 liquid
scintillation analyzer.
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Analysis of NaOH scrub solution

The carbon dioxide absorption in the NaOH solution takes pl&bepnoducing of NgCOs, so that the
resulted solution contains a mixture of 8&; and NaOH not consumed. For the inactive experiments,

the results related to its chemical composition are presents in Table no. 5. For the experiment no. 20
(active), the camical composition of the scrub solutions was analysed just in view of determination of
the G14 amount (released from decompositiod*60,/H**C0Oy) and it was made by liquid scintillation
installation.

Table 5.Chemical composition of the NaOH scrediution for inactive experiments

Sam NaOH solution from scruber C total Sample. NaOH solution from scruber C total
ple. initial final released in no. initial final released in
no. Vsol, Mola- NaOH in| NaCO; | process Vsol, Mola- NaOH in | Na&CQO; | process

(ml) rity sol. insol. | (9 (ml) rity sol. insol. | (@)
(moli/l) | (moli/l) (moli/l) (moli/l) | (moli/l) (moli/l)

1. 1590 | 2.870 2.870 0.000 0.0000 11. 800 2.950 2.800 0.075 0.7210

2. 800 3.215 3.215 0.000 0.0000 12. 1540 | 2.810 2.790 0.010 0.1850

3. 800 2.950 2.950 0.000 0.0000 13. 1550 [ 2.830 2.810 0.010 0.1860

4. 1570 | 2.920 2.900 0.010 0.1880 14. 1530 | 2.790 2.760 0.015 0.2750

5. 1580 | 2.910 2.900 0.005 0.0948 15. 1560 | 2.900 2.830 0.035 0.6550

6. 800 2.967 2.863 0.052 0.4973 16. 800 3.188 2.993 0.097 0.93%0

7. 1600 | 2.900 2.870 0.015 0.2880 17. 800 2.950 2.550 0.200 1.9220

8. 800 2.962 2.742 0.110 1.0569 18. 800 3.038 2.537 0.250 2.4038

9. 800 2.950 2.700 0.125 1.2010 19. 800 2.950 2.425 0.262 2.5460

10. 800 2.994 2.898 0.048 0.4602

For inactivesamples the determination of the mixture carbonate and sodium hydroxide was done either
by titration of the samples (dilutedd100 (v/v) with 0.1N HCI in the presence of phenolphthalein and
methylorange (Warder method) or by potentiometric titratiomefsamples (dilutetl/200 or 1/10pPwith

0.1N HCI solution wusing a titration installation coupled to an automatic burette.
The total amount of carbon generated during thermal bituminization process was calculated by
considering the amount dfa,CO; formedby absorbingCO, in NaOH

The analysis of NaOH solution was done fhymeasurements using a TRICARB liquid scintillation
analyzer 2100 and it was determined that an amount of 3320 Bq is found in NaOH solution.

Table 6.C released in bituminization prose

Sa | Cintroduced by C released during process C lost from carbonating %

mp | carbonating the (g respectively Bq) the anionite released

le anionite (g (g respectively Bq) 4c

no. | respectively Bq) total from 100g from 100g Total®

anionite/carbonat| carbonated
ed anionite” anionite

1. - 0 - - - -
2. - 0 - - - -
3. - 0 - - - - Inactive
4, - 0.1880 0.0307 - - - samples
5. - 0.0948 0.0189 - - -
6. - 0.4973 0.0757 - - -
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Sa | Cintroduced by C released during process | C lost from carbonating %
mp | carbonating the (g respectively Bq) the anionite released
le anionite (g (g respectively Bq) e
no. | respectively Bq) total from 100g from 100g Total®
anionite/carbonat| carbonated
ed anionite” anionite
7. - 0.2880 0.0259 - - -
8. - 1.0569 0.0786 - - -
9. - 1.2010 0.0901 - - -
10. - 0.4602 0.0227 - - -
11. - 0.7206 0.0360 - - -
12. 3.200 0.185 0.0308 0.0001 0.0006 0.0187
13. 2.764 0.186 0.0372 0.0183 0.0915 3.3098
14, 3.014 0.275 0.0550 0.0361 0.1805 5.9877
15. 6.029 0.655 0.0655 0.0007 0.0070 0.1161
16. 13.194 0.936 0.0704 0.0056 0.0744 0.5639
17. 15.340 1.922 0.1440 0.0792 1.0557 6.8820
18. 17.363 2.404 0.1202 0.0909 1.8168 10.4636
19. 23.020 2.546 0.1273 0.0980 1.9600 8.5143
20. | 9.12%10 3.96510°|  4.598107 4.59810° | 3.96510° | 0.0398 ?grtr?ﬁe
Conclusions

From thermal behaviour of spent resin (and bitumen) point of view, according the experiments performed
at laboratory and pilot level, and according the results obtained the following are concluded:

U At the bituminization temperature (aroun@dC) it takes place a partial decomposing of anionic
resins and release of some degradation products of bitumen: dinagtttrimethylamine, methanel
resulted by the destruction of functional groups well as a hydrocarbons fraction formed by n
paraffins (G- Csp), isoparaffins and aromatic hydrocarbons;

U a part of*/C, under the form of CQ of about 0.0189 0.09 g C/100g anionite, is released from the
anionite structure (C§) functional groups andhydrocarbon skeletonlso, a part of carboris
released, under the form of ¢@s well, resulted from carbonation of the anionite and such as, mean
1C. The loss was 0.018I0.46% for inactive experiments and 0.04% for the active experiments;

U NaOH 3M solution, used as absorbent, is very effecthve, efficiency of retention of carbon being
maximum.
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ABSTRACT

In the designing process for a radioactive final repository concept, the temperature evolution
over time is a significant issue for the stability and lbexgm safety of entire emplacement. In
particular, the maximumalue of temperature in the whole structure, during time, must not
exceed a certain safety value which depends, beside other criteria, on the bulk material of the

repository.
A computer code TEMPROC, based on analytical model for the transient thermal heat
conducti on, described in this paper, was develope

from ICN Pitesti, in order to evaluate the waste repository's temperature distribution. The
program was developed under @A Micr ospofidkes FORTRAN Po:
IMSL subroutines library support for numeric algorithm. So the program is relative small, with

a good calculus speed.
The numerical results obtained with TEMPROC computer code, have been acceptably
compared with similar existing data from scieotlterature [1].

Key words: waste repository, temperature, analytical model

Introduction

The nuclear waste management has been always one of the biggest issues for whole nuclear community,
and one of motives is the huge period of time that this neamegt involves. All the calculus performed
in this area is therefore conservative, and must be carried out over periods of thousands of years, at least.

One of greatest significance parameter which must be evaluated is, of course, the temperature. A simpl
motive is that every other parameter depends on it. The presence of radioactive waste means the existence
of a corresponding transient heat source, so a subsequent temperature increase is expected in the whole
emplacement. Every conservative assumed maodist therefore take into account a thermal influence

from a larger number of such heat sources.

The aim of present paper is to present a thermal analysis performed with a computer code, TEMPROC
[2], developed on an analytical model for transient heatlection [3], [1], over a period of i@ears.
The code was developed inside MAFuel Perf or mancecdc
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devel oped under fAMicrosoft FORTRAN Power Stationbo

support for numed algorithm (Gaus&ronrod method for the integral [4], [5]), ensuring a relative small
size for the code and a good calculus speed.

TEMPROC code description

The heat sources used in the TEMPROC code are cylindrical, rectangular parallelepiped,santdes
represented, respectively, in Figure 1a), b); ¢4], [5]. They represent either discrete or uniformly
distributed heat sources and can be used singularly or in combination. The heat generation is uniformly
distributed throughout the heat soug@ometry. It is important to note that the thermal properties are
assumed to be constant throughout both the rock mass and the disposal container. This implies that the
heat transfer differential equation is linear, hence superpositioning of solutionsemesgd to calculate

the temperature at a point in the neighborhood of more than one disposal container. Since a nuclear fuel
waste repository is expected to hold many thousands of disposal containers, the principle of superposition
provides a cumbersommethod of calculating the repository temperatures. For this reason at some
distance (e.g. >10m) away from the point at which the temperature is calculated, the thermal contribution
from cylindrical heat sources are suitably represented by line heat sdwadber away from the point at

which the temperature is calculated, groups of individual heat sources are replaced with large rectangular
parallelepiped sources containing the equivalent mass of uranium as the individual sources distributed
over the samarea. The disposal of the heat sources, in the analytical model used in TEMPROC, is
represented in Figure 1).

D

/

(

Fig 1. 3D representation for heat sources shapes: a) cylindrical, b) linear and c) parallelepiped and their schematic
disposali d)i in the analytical model for the repository assuming that the point of temperature evaluation is the
centre of repository and there are 3 rows of canisters in each room of repository
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In a first step, the code evaluates the temperature agpuh@hthe whole repository is made entirely
from a single bulk material (the rock). After this, in order to take account the canister material and the
filling material in the buffer between canister and the surrounding rock, correction of the firsatealcul
temperature are made, depending on the position of evaluated tempeiataemister or in buffer. The
temperature is evaluated at each time with an integral, using a-emsed method based subroutine
existing in IMSL Library of the FORTRAN POWRESTATION 4.0 platform, from the initial time to the
evaluation time, so the temperatures are independent from the previous obtained watmgrast with

the algorithm used in [3] and [1], which used old determined values of the temperature tceabaiuat
new ones.

Comparison with reference case

In all the evaluations presented in this paper, it has been used the repository concept udsftl iodiis

in repository, with 30 m distance between each other, with the canisters containing the nastean w
vertical position, disposed in an arrilke pattern in each room3 rows and 798 columns with an equal

space of 2.5 meters between rows and columns. The rock considered for the repository emplacement was
granite, with the thermal conductivity assned t o be 3 W/ ( mAK) . The ther
canister and that of buffer filling material are

In Figure 2, the ICN (Institute for Nuclear Research) results are compared with the AECL results [1], fo

the center of the repository a) and in half section, because of symmetry reasons, in the middle of the
central room where are expected the greatest temperatures. Distance has been measured from the center,
and the evaluation has been carried out undllihlfdistance between rooms have been reached. The
buffer temperature have been considered in the vicinity of the canister, and the rock temperature near the
buffer, for the canister located in the middle of the repository, by assuming that the reghmstatures

are located in this point. It can be observed a good agreement in the obtained data. The cooling time for
canisters in the NPP pool has been considered, in all the paper results, 10 years.

140

Canister temperature Canister temperture [1] —
140 1yr e 1yr[1]

120 === Buffer temperature A Buffer temperature [1] ==30yr = 30yr[i]
120 100 yr A 100 yr[1]
=== Rock temperature B Rock temperature [1]
100 === 1000 yr 1000 yr [1]

[es]
o

[«2]
o

Heat flux (W / canister)
Temperature (°C)
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a) b)
Fig 2. Comparison between INR and AECIsu#is [1] for a) temperature vs. time representation and b)
temperature vs. distance from middle of the central room of the repository
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Sensitivity studies

The sensitivity studies have been performed to test the response of the results obtained evitputer ¢
code at input parameter variations. In this paper the only tested parameter has been the number of the
rows of canisters in the array pattern used in the each room of the repository.

In Figure 3 a), as a reference representation, were depictedrtister heat variation compared with the
canister center temperature (the hottest one), the subsequent buffer temperature (nearest to canister) and
the rock temperature, in the closest vicinity of the buffer, all this temperature presumed to be gte highe

in the whole emplacement. The maximum temperature values and corresponding time values have been
highlighted. After the maximum the temperatures decrease, but all three have thereafter a constant and
even a small increase tendency. The correspondirgyisirthat for a lower slope of heat flux variation,

and it is of hundreds of years order.

In Figure 3 b) is represented the distribution of the temperature in transversal direction of the central room

of the repository for the same input parametevghich are identical with the reference case depicted in

Figure 2. The distribution is represented for 1, 16, 201¢ years and also for the corresponding time

for the maximum of canister temperature. The distances are measured from the center room, and the
maximum value is half distance between rooms. In case of odd number of canister rows in array pattern

of the room disposal, the roomds middle correspon
Om with a maximum. The second relative maximgorresponding to the next canister is slightly lower.

For a very long time period, the difference from canister temperature and rock temperature dsaease

1000 yr corresponding curve.

350 100 100
==Heat flux —1yr
90.7862
Canister 90 90 =10 yr
300 N 84.1928 t;mperat.ure Maximum temperature
ax canister
79.7093 temperature ( 29yr ) 80 80 _yf(%ézﬁ yn

=== Buffer temperature

250

o
~
o

20000 yr

A Max buffer
temperature ( 35yr)

(o))

o
D
o

T 3 ~
B 200 e Rock temperature % QL.)/
e
3 m Max rock 50 g g 50
= temperature (39 yr) c =
S 150 202 340
5 3 &
% 30 F 30
% 100
20 20
50 10
10
0
0 0 0 5 10 15
0.001 0.1 10 1000 100000
) Distance (m)
Time (yr)
a) b)

Fig 3. Temperature in the middle of the centrabm of repository in case of 3 rows of canisters per room:
a) Time evolution of the canister, buffer and rock temperature compared with heat flux for a single canister
b) Temperature distribution in the transversal direction on the horizontal plane mitltte of the central room
(distances are measured from the middle of the room).
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In Figure 4, a 3D representation of temperature dependence on the distance from middle of the center
room, in half distance between range, and on evaluation time has beéenAt&D data representations

have been carried out with MATPLOTLIB python module [6]. In Figure 4 a) is depicted a colored 3D
surface map, and in Figure 4 b) is represented the same surface, in wireframe style this time,
superimposed on the corresporgd?D contours map represented in xy plane. It can be easily remarked
the peak values for temperature corresponding to the canisters (1/2 canister in center and 1 full canister
with the complete red colored maximum) and also the time duration for highgeregore values for the

whole repository, in 3D colored surface representation as well as in the corresponding 2D contour map.

90

90

Temperature (°C)
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Fig4.3D representation for the evolution of temgeof at ur eod s

the central room of the repository, in case of 3 rows
centre: a) 3D coloured map surface and b) 3D surface in wireframe style superimposed on corresponding contours
map represented in yylane

In the same manner as above mentioned, the same representations for the case of 4 rows of canisters per
room (Figure 5 and Figure 6) and 5 rows (Figure 7 and Figure 8) of canisters per room have been
depicted. In the case of 4 rows of canisieewen numbeii the middle of the room corresponds to half
distance between rows, so a relative minimum is found at O m in the distribution representation (Figure 5
b). It can be observed, in the same representation and also in Figure 6, the 2 full cadhadhnmax
corresponding at the same number rows of canisters existing in a transversal half room. The temperatures

are higher and latter reached.
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Fig 5. Temperature in the middle of centre room of repository in case of 4 rows of canistersiper ro
a) Time evolution of the canister, buffer and rock temperature compared with heat flux for a single canister
b) Temperature distribution in the transversal direction on the horizontal plane in the middle of the central room
(distances are measured frahre middle of the room).
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Fig6.3 D representation for the evolution of temperature
the central room of the repository, in case of 4 rows of canisters per room, with distansessmead fr om t he
centre: a) 3D coloured map surface and b) 3D surface in wireframe style superimposed on corresponding contours
map represented in xy plane

The case of 5 rows of canisters is similar with the case of 3 rows (odd number) so theeatareagd

latter maximums of temperature (Figure 7 a)) and two and one half maximums in a half symmetry

representation (Figure 7 b) and Figure 8 a) and b)).
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Fig 7. Temperature in the middle of centre room of repository in case of 5 fovemisters per room:
a) Time evolution of the canister, buffer and rock temperature compared with heat flux for a single canister
b) Temperature distribution in the transversal direction on the horizontal plane in the middle of the central room
(distancesare measured from the middle of the room).
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Fig8.3 D representation for the evolution of temperatur eds
the central room of the repository, in case of 5 rows of canisters perwoént, h di st ances measured
centre: a) 3D coloured map surface and b) 3D surface in wireframe style superimposed on corresponding contours
map represented in xy plane
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Conclusions

1. A description of an analytical model for long term evaluatiof the final nuclear waste
repositoryds temperature distribution has been

2. Based on this model , a computer code, TEMPRO
Department from ICN Pitesti, have been summary presented

3. A reference case, for a final regitmry concept has been evaluated, with good agreement, using
the TEMPROC code.

4. A sensitivity study, for the numbers of rows of canisters per room, have been carried out, with a
significant qualitative results, depicted in 2D and 3D representations.
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ABSTRACT

This paper pesents the results of an experimental study aiming to assess the influence of the
cement degradation on @87 sorption. Sorption experiments have been carried out on fresh
mortar and also on two types of degraded mortars resulted from a sulphateesttacikdtfrom

a carbonation test. CEM Il ordinary Portland cement that is commonly used in the waste
immobilization process and quartz sand were used to prepare the fresh mortar paste with a
water/cement ratio of 1/3.

The sorption isotherms obtained frone thatch sorption experiments were linear both for fresh
mortar and degraded ones with increased cesium distribution coefficient on degraded samples
compared with the fresh one. On fresh mortar cesium ions are mainly sorbed on the quartz sand
and to a lesextend on the hardened cement paste (HCP). The competition betweamdCs
Na'/K* strongly reduce cesium uptake by fresh HCP. But this effect is decreased in the mortar
samples obtained from the sulphate attack test due to the rapid alkali release egdesths

the Kd for this degraded sample is higher than for the fresh one. For the mortar sample exposed
in air for carbonation the higher value for the cesium Kd could be explained either by a
precipitation process or by the physical and chemical changee mortar sample due to the
carbonation process.

Key words: cement degradation, Csl37 sorption, sulphate attack, carbonation, sorption
isotherms, distribution coefficient

Introduction

The safety assurance associated with near surface dispdfiiedafor radioactive waste is achieved
through multibarrier engineered structures [1].

Many types of materials are used in engineered barrier applications, but the engineered barriers based on
cement materials represent an important component afispesal facility safety due to their ability to
act as mechanical barrier and retardation of radionuclide migration by sorption process.

It is well known that the cement based materials f@mmn exposed to typical chemical underground

conditions will besubject to degradation. As a result, the solubility and sorption of radionuclides will
change too.
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Sorption is a generic term, which covers the processes of absorption, physical adsorption and chemical
adsorption. Sorption mechanisms depend on the chérddon of the sorbate, and the chemical and
physical properties of the sorbent [2].

The chemical complexity of sorptibdesorption processes is usually reduced to integrated parameter
distribution coefficients (Kd) [3]. Reliable Kd values are especialitical for elements such as Cs,
which exhibits no solubility limitation and only weak retention by fresh HCP. For many elements,
including Cs, the provision of Kd as a function of repository evolution is hampered by the lack of
systematic sorption datim particular for degraded HCP [4].

Kd is defined as follows:

Kd _ Seq _ C:bl _Ceq ! (1)
eq C:eq m

where 3, is the equilibrium concentration of sorbed”@siol kg?), Ceq and G, are the equilibrium
concentration of Csin test and kink solutions (mol i), respectively, V is the volume of liquid phase
(m®), and m is the mass of solid phase (kg) [7].

Although concrete degradation usually occurs as the result of a combination of physical, mechanical, and
chemical processes [5], therpase of this paper is to present the influence of chemical degradation,
generated by carbonation and sulphate attack efB8Zsorption.

Experimental methodology

In order to investigate the uptake of cesium on mortar, sorption experiments werea#rdedresh and
degraded mortar samples. Two types of degraded mortars were obtained from a carbonation test and from
a sulphate attack test. All mortar samples were prepared from CEM Il ordinary Portland cement,
commonly used in the waste immobilizatiprocess, and quartz sand, with water/cement ratio of 1/3.

The carbonated mortar sample were obtained by exposure fresh mortar samples to air for one year, while
those exposed to sulphate attack were obtained by successive immersed in a solution cfudplaien

and dried at 1063°C. Immersion was performed inN&,SQ, solution for 40 days. The effects of the two

types of degradation mechanisms on the mortar structure and composition were highlighted by Scanning
Electron Microscopy (SEM) and enerdispasive X-ray spectroscopy (EDS) analysis.

The laboratory batch method was used to measure the Kd values for cesium uptake on the three types of
mortars in order to get experimental data regarding the effect of cement degradation on cesium sorption
on cemetitious materials.

To be used in the sorption tests, the mortar samples were crushed and sieved (under normal atmospheric
conditions) to eliminate the fraction with particle size higher than 2 mm. Sorption tests were carried out in
PP centrifuge tubes,t a&olid to liquid ratio of 1:10 and equilibration time of 24 hours. During the
equilibration period, the test tubes were placed on an orbital shaker at 70 rpm, at room temperature
(21£3°C), under normal atmospheric conditioAdter the equilibration theest tubes wereentrifugedat
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3800 rpm until the two phases were separated (roughly 30 min). After separation, aliquots of the solution
in each test tube were sampled and measured by gamma spectrometry for cesium concentration
determination. All sorptionests were run in duplicate and two control samples with only tracer solution
were run in the same conditions to check the potential sorption of cesium on the test tubes.

Results and discussion

To evaluate Cesium sorption characteristics on the invéstigenortar samples, the contaminant
concentrations in solution, at equilibrium, were plotted versus the amount of contaminant sorbed on the
solid phase, and sorption isotherms were obtained for the concentration range of interest. To obtain these
isotherms and to evaluate the distribution coefficients (Kd), cesium concentration varied while other
parameters were held as constant as possible. The linear isotherms obtained for Cesium sorption on the
three types of mortar are presented in Figures 1 to 3lirke@r sorption, the distribution coefficient is
represented by the slope of the sorption isotherm.

1200
S _ 1000 y = 28.848x
§ g 800 R2=0.9958
5 8, 600
,i) § 400
% ’g 200
@) 0
0.00 10.00 20.00 30.00 40.00

Cs137 in solution after sorption [Bg/inl

Fig. 1. Cs137 sorption isotherm on fresh mortar
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Fig. 2. Cs137 sorption isotherm on mortarigected to NaSQ,
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Fig. 3. Cs137 sorption isotherm on mortar subjected to,CO

As it can be seen from the plots presented in Figure 1 to 3, the sorption isotherms were linear both for
fresh mortar and degraded ones (coti@tacoefficient close to 1) with increased Cesium distribution
coefficient on degraded samples compared to the fresh one.

Kd value obtained for fresh mortar (the slope of the linear isotherm presented in Figure 1) shows a weak
sorption of Cesium, whicls in agreement withrpvious studies which showed that the sorption of non
hydrolysed cation Csis minor in most concrete systems [8, 9]. This would be expected, since cation
exchange is the dominating mechanism for monovalent cations in most systns the case of
cementitious materials the pore fluid composition is dominated By Kla OH and the C/S ratio
(CaO/SiQ) is high for fresh mortar. This would not favour the uptake of trace amounts’ af @sre

water system of high salinity and on arlsent (cement) of low exchange capacity. On fresh mortar
Cesium ions are mainly sorbed on the quartz sand and to a less extent on the hardened cement paste
(HCP).

Figure 2 shows that the Kidr the mortaimmersed in a sulphate solution is slightly higtlean those
obtained for the fresh mortar. We presume that this happened due to the cesium sorption on ettringite
formed by the reaction of N&Q, with tricalcium aluminate (€). Ettringite surface exhibits a net
negative charge [9], so the incorporatafranions, such a Csmay be possible.

When the mortar is in contact for a long time with a,@@ew phase is formed, calcite, which may also

sorb radionuclides, but literature reviews showed that Cs is not sorbed onto calcite [9]. Following the
EDS amlysis it was observed that the Nand K content in the carbonated sample decreased
considerably and consequently the competition of these cations on the sorption sites of the sand
decreased; this could explain the high value of Kd on the carbonatear mantples. Furthermore, the

higher values for the Cesium Kd (Figure 3) could be also explained by precipitation or by the physical
and chemical changes in the mortar sample due to the carbonation process.

The SEM/EDS analysis on the carbonated mortar Eaingdicate that the C/S ratio decreased compared

to the fresh mortar sample. As the C/S ratio decreases (as a result of cement degradation) the surface
charge becomes less positive, passing through the point of zero charge at C/S of about 1.2 and turns to
negative at lower C/S ratio. Thus, in terms of electrostatic sorption, CSH with a low C/S ratio is a better
sorbent for cationic species such &.Ckhis could be another factor that contributed to the higher Kd
value obtained for the degraded mortar samp
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Conclusion

This experimental study clearly shows that the cesium sorption is enhanced with the cement degradation
(either due to a sulphate attack or due to the carbonation) and that the cesium increases with the decrease
of C/S ratio.

In a freshmortar the competition between ‘@sd other alkali cations (Nand K') strongly reduces the
Cesium uptake by fresh HCP. But this effect is decreased in the mortar samples resulted from the sulphate
attack test due to the rapid alkali release and conedyuke Kd for this degraded sample is higher than

for the fresh one.
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ABSTRACT

The purpose of this paper is to elaborate a procedure to measure the gamma emitters from
spent ion exchange resins resulted from the purification systems at Cernavoda NPP and also to
cdculate the recovery yield. Since Cesili®7 and Cobal60 are the main gamma emitters

found in the spent ion exchange resins generated by a nuclear reactor these radionuclides were
used to label a sample of the mixed bed resin IRN 150 (1:1 eq cation:extibange resins).

The samples of spent ion exchange resin were mineralised by microwave acid digestion
method and the resulted liquid samples were measured by gamma ray spectrometry. The values
obtained for the recovery yield were influenced by the digerocess of the ion exchange

resin.

Key words: ion exchange spent resins, microwave digestion, gamma ray spectrometry

Introduction

Spent ion exchangers are considered to be problematic wastes that in many cases require special
approaches and pred¢guns to meet the acceptance criteria for disposal.

The purpose of this paper is to elaborate a procedure to measure the gamma emitters from spent ion
exchange resins resulted from the purification systems of the Cernavoda NPP.

In order to simulate the ame conditions as in the purification systems of Cernavoda NPP,
chromatographic columns were used to get resins controlled labelled with gamma emitters. Since Cesium
137 and Cobal60 are the main gamma emitters found in the spent ion exchange resiretegebgra

nuclear reactor these radionuclides were used to label a sample of the mixed bed resin IRN 150 (1:1 eq
cationiti anionit).

The mineralization of the radioactive resin samples was performed by microwave acid digestion method
and the resulted liGgd samples were measured by gamma spectrometry using a system comprised of the
following components: HPGe ORTEC detector, digiDart analyser and GammaVision software.

The gamma ray spectrometer was calibrated with known calibration source with thehsaical @nd
chemical characteristics as the sample to be measured.
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Instrumentation and method
1. Sample preparation

To simulate the spent ion exchange resin resulted from the purification systems of Cernavoda NPP, IRN
150 resin (mixed bed 1:1 cationitanionit) was loaded with known radionuclide activity in a
chromatographic column, at pH ranging between 10,2 and 10,4 at room temperature. 100 ml of
radioactive solution with known activity (@80 and Csl37) and controlled pkby NaOHaddition)were

passed ttough the chromatographic column. After resin loading subsamples were taken acid digestion
mineralization.

To have a good statistics of the results, two experiments were performed using the same initial solution
for the resin loading.

The experimentalessts were carried out in the same conditions and with the same procedure for all the
experimental steps.

For each experiment three types of solutions were analysed: the initial solutions, the effluents collected
from the columns and the solutions redililby resins digestion. All de samples were measured by gamma
spectrometry to identify and to quantity the gamma emitters present in the samples and also to evaluate
the quantity of gamma emitters retained on the resin.

2. Microwave digestion method

The chenical decomposition process (transition into a ligadpleous phase) of the simulated resin
charged with radioactive elements was performed by microwave digestion, in a microwave digestion
system SpeedWave4 type, produced by Berghof. Digestion is undktstowan the decomposition of a

solid material by means of a suitable digestion reagent at increased temperature in a vessel that is
permeable with regard to microwaves. The digestion solutions are directly heated through the absorption
of the microwave adiation by the polar digestion reagent, which generally also contains ionic
components [1].

In order to decompose the simulated spent ion exchange resins, a mixture pamtNQO, was used in

TFME pressure resistant ( ldiyestiob af the spentwasia, svithbussolid To o b
particles, the mineralization process was performed in two steps: first 8 ml of ¢t€entrate and 2 ml

of H,O, were added in the pressure vessels. The vessels were introduced in the microwave oven for 20
minutes at 200C and 40 more minutes at 280 (see Figure 1 for operating parameters). Since the
mineralization was not completed, a second step was carried out using 4 ml pcbi@ntrate and 1

ml of H,O, and the pressure vessels were again introduced in the mierawan following the same

operating parameters as in the previous ones. This mineralization procedure was chosen based on
preliminary tests using inactive resin samples.
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Fig.1. Values of the operating parameters of the SpeedWave4 system

The pressure and temperature variation in the digestion vessels recorded during the two steps of the
mineralization process are presented in Figure 2.
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Fig. 2. The variation of temperature and pressure during the mineralizagtiocess
(lefti for the first step and right for the second one)

Total dissolution of the radioactive resin samples was obtained and the resulted solutions were diluted to
get the right volume for their measurement by gamma spectrometry.

3. Gamma ray spetrometry method
To obtain good and reliable results, the first step in gamma spectrometry analysis is the energy and
efficiency calibration. It is important that these calibrations to be correctly performed since the calibration
results will affect alllhe subsequent analyses.
The energy calibration data is used to define the energy of the peaks in the spectrum. If improper

assigned, the calculated energies will not correspond to the correct library entry and the peak might be
incorrectly identified [2].
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The efficiency calibration implies the calculation of the detection efficiency of the HPGe detector system
as a function of energy and it is the relation between the numbers of gamma rays emitted from the sample
and the number of gamma rays collectethanfull-energy peak [3].

The calibration source used was a standard liquid source with known gamma ray emitting radionuclides
(Co60, Cs137, Am241, Bal33), over the energy range of interest. The energetic range of the
spectrometric system used for tgalysis is between 20 keV and 1870 keV.

The liquid samples resulted from the resin digestion were measured by gamma spectrometry in the same
conditions as the system calibration was performed.

The samples to be measured were placed at the contadhwitietector and the voltage was applied to
the detector, obtaining an energetic spectrum that characterise the radioactive sample.

Results and Discussions

The energetic spectrum acquired for each sample was analysed using the Gamn32Vssiftwareto

guantify the gamma emitters present in the samples with the associated statistics. The Gamma Vision
program analyse the energetic spectrum file and produce a list of the background, net area, counting
uncertainty, full width at half maximum (FWHM), amét count rate for all peaks in the spectrum.

The result of this analysis is a report containing all the descriptions stored with the spectrum file, the
analysis parameters, user inputs, and the list of peaks and nuclides found in the spectrum.

In Talde 1 the results obtained in the first experiment are presented. Based on these results the recovery
yields and relative errors were calculated and these data are also reported in Table 1.

Table 1.The results obtained for the first experiment

Sample Actlv(léz;_rsggnuprllg)n g Uncertainty Retained Recovery| Relative
Radionudide Theoretical Activity yield errors
Initial Effluent Mineralization (Bg/sample) (%) (%)
%Co 100+0,4| 14,3+0,03 69+0,06 85,7 80,51 19,48
"'Cs 29,9+0,4| 1,1+0,08 28,7+0,2 28,8 99,6 0,3

Good recovery yield and relative error were obtained fet &% but for Ce60 the recovery yield is quite
low and the associated error is high.

In order to verify the reparability of the method the experiment was repeated with thimisialrsolution
and the same experimental steps. The results obtained in this second experiment are reported in Table 2.
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Table 2.The results obtained for the second experiment

Sample Actl\/(lé);fs(;?nuprllg? g Uncertainty Retaned Theoretica| Recovery| Relative
Radionuclide Activity field errors
Initial Effluent Mineralization (Bg/sample) (%) (%)
*%Co 100+0,4 | 19,4+0,03 67+0,056 80,6 83,1 16,87
Y¥'Cs 29,9+0,4| 1,4+0,6 28+0,2 28,5 98,24 1,75

Similar results were also obtained inist second experiment, with slightly higher recovery for800
compared with the previous one. The recovery yields obtained in the two experimental tests are presented
in the Figure 3.

Fig.3. The comparison of recoveries yield obtained forl3% and ©-60

Conclusions

Even if for Cs137 and Ceé60 measurement in spent ion exchange resins direct gamma spectrometry
could be applicable, mineralisation of the ion exchange samples are required to measure the beta emitters
such as €14, Sr90, 129 or Te99 and consequently also the gamma emitters are measured with higher
accuracy in the liquid form.

The method tested and presented in this paper seems to be reproducible but more experimental data has to
be obtained to have a representative recovery yfeldhe radionuclides of interest. After the tests are
completed, the resulted values for recovery yields will be used in the measurement of gamma emitters in
real spent ion exchange samples.

Digestion process seems to influence the recovery yield ebtdor Ce60 and therefore additional
experiments have to be carried out trying to improve this step of the proposed method.
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